




































4WO  MAIN  STRATEGIES  WERE  DEVELOPED  FOR  DESIGNING  GOLD 
PARTICLES THAT CAN BE USED FOR IMAGING AND DESTROYING TUMORS 
4HE  ½RST  ONE  RESULTS  FROM  THE  PROPERTIES  OF  GOLD  ELEMENT 
WHEREAS  THE  SECOND  ONE  RESTS  ON  THE  TUNEABLE  OPTICAL 
PROPERTIES  OF  GOLD  PARTICLES  'OLD  PARTICLES  ARE  INDEED 
CHARACTERIZED BY STRONG LIGHT DIFFUSION AND ABSORPTION CROSS 




BE  ENVISAGED  SINCE  THE  STRONGLY  ABSORBED  RADIATION  IS 
EF½CIENTLY  CONVERTED  INTO  HEAT  &OR  INSTANCE  $REZEK  ET  AL 
DEMONSTRATED THAT SILICA CORES DIAMETER  NM	 EMBEDDED 




THE  APPLICATION  OF  THESE  PARTICLES  FOR  IN  VIVO  IMAGING  AND 
THERAPY  OF  CANCER  IS  RESTRICTED  TO  SUPER½CIAL  TREATMENT 
$ESPITE THESE CONVINCING PROOFOFCONCEPT EXPERIMENTS THE 
BIOMEDICAL  APPLICATIONS  OF  THESE  PARTICLES  ARE  LIKELY  TO  BE 
IMPEDED BY THEIR  LARGE SIZE SINCE IT WAS DEMONSTRATED THAT 
THE  FREE  CIRCULATION  WITHOUT  UNDESIRABLE  NONSPECI½C 
ACCUMULATION  AND  THE  RENAL  ELIMINATION  OF  THE  PARTICLES 
WHICH  ARE  PREREQUISITES  FOR  THE  DELIVERY  OF  CONTRAST  AGENTS 
AND  DRUGS  BY  INTRAVENOUS  INJECTION  IS  OBSERVED  ONLY  FOR 
ULTRASMALL  PARTICLES  HYDRODYNAMIC  DIAMETER      NM	  ;= 
5NFORTUNATELY  THE  REDUCTION  OF  THE  SIZE  OF  THESE  OBJECTS 
DOES  NOT  ALLOW  OVERCOMING  THIS  HURDLE  BECAUSE 
IT  IS  ACCOMPANIED  BY  A  BLUE  SHIFT  OF  THE  RADIATION 
WHICH  IS  USED  FOR  INDUCING  THE  PHOTOTHERMAL  EFFECT 




THERAPY  WITH  GOLD  PARTICLES  IS  BASED  ON  THE  STRONG  8RAY 
ABSORPTION CROSS SECTION DUE TO THE HIGH : OF GOLD ELEMENT 
4HE WORK DONE BY (AINFELD ET AL SHOWED THAT  NM SIZED 
GOLD  NANOPARTICLES  CAN  BE  FOLLOWED  UP WITH  8RAY  IMAGING 
TECHNIQUES IN BLOOD POOL AFTER INTRAVENOUS INJECTION TO MICE 
WITH  A  TUMOR  IN  LEGS  ;= $UE  TO  A  HIGHER  VASCULARIZATION 
THAN THE SURROUNDING TISSUE THE AMOUNT OF CONTRAST AGENTS 
WAS  THEREFORE MORE  IMPORTANT  IN  THE  TUMOR WHICH  CAN  BE 
MORE CLEARLY DELINEATED 0HARMACOKINETIC STUDIES CON½RMED 
THAT  GOLD  NANOPARTICLES  PREFERENTIALLY  LOCATED  IN  THE  TUMOR 




BOTH  WITH  GOLD  NANOPARTICLES  AND  8RAY  RADIATION  4HE 
PREFERENTIAL DELIVERY OF HIGH CONTENT OF GOLD NANOPARTICLES TO 





2EAGENTS  WERE  PURCHASED  FROM  !LDRICH  /RGANIC  SOLVENTS 
REAGENT  GRADE	  WERE  PURCHASED  FROM  3$3  AND  USED  AS 
RECEIVED  &OR  THE  PREPARATION  OF  AN  AQUEOUS  SOLUTION  AND 






(!U#L  (/  BY  .A"(  IN  PRESENCE  OF  THIOLS  STABILIZERS	 
WHICH BY ADSORPTION ON GROWING PARTICLES ENSURE THE CONTROL 
OF THE SIZE AND THE STABILITY OF THE COLLOID ;= 4HE SYNTHESIS 
OF  GOLD  NANOPARTICLES  COATED  BY  GADOLINIUM  CHELATES 
REQUIRES THE USE OF MOLECULES WHICH ARE ABLE BOTH TO STRONGLY 
INTERACT  WITH  THE  SURFACE  OF  GOLD  NANOPARTICLES  AND  TO 
COORDINATE  PARAMAGNETIC  GADOLINIUM  'D	  IONS  3INCE 
DIETHYLENETRIAMINEPENTAACETIC  ACID  $40!	  IS  AN  EF½CIENT 
LIGAND FOR THE PREPARATION OF GADOLINIUM CHELATES $40!'D	 
A  DITHIOLATED  DERIVATIVE  OF  $40!  $4$40!	  WAS  SYNTHESIZED 
FROM  DIETHYLENETRIAMINEPENTAACETIC  ACID  DIANHYDRIDE 
$40!$!	 &IGURE 	 ;=
&OR A TYPICAL PREPARATION OF GOLD PARTICLES  MG X 
MOL	  OF  (!U#L  (/  DISSOLVED  IN    M,  METHANOL  WERE 
RADIOENHANCEMENT  ASSIGNED  TO  GOLD  ELEMENT  4HIS 
PIONEERING  WORK  HAS  OPENED  THE  DOOR  TO  THE  BIOMEDICAL 
APPLICATION  OF  ULTRASMALL  GOLD  NANOPARTICLES  SINCE  THEY 
COMBINE  IN  VIVO  8RAY  IMAGING  WITH  8RAY  THERAPY  "EFORE 
THEY  ARE  APPLIED  IN  CLINICAL  PROTOCOL  TO  HUMAN  PATIENTS 
THESE  PARTICLES  CONSTITUTE  AN  EXCELLENT  TOOL  FOR 
MONITORING  THERAPEUTIC  PROTOCOL  IN  SMALL  ANIMALS  FROM  THE 
INJECTION  TO  THE  RENAL  ELIMINATION  VIA  THE  ABLATION 
OF  THE  TUMOR  (OWEVER  8RAY  IMAGING  IS  NOT  COMPLETELY 
HARMLESS  FOR  ENVISAGING  A  LONGTERM  BIODISTRIBUTION  STUDY 
WITHOUT  INTERFERENCE  WITH  RADIOTHERAPY  -OREOVER  THIS 
TECHNIQUE SUFFERS OF A LOW SENSITIVITY
)N  ORDER  TO  CIRCUMVENT  THIS  PROBLEM  THE  USE  OF  GOLD 
NANOPARTICLES DESIGNED FOR MAGNETIC RESONANCE IMAGING WAS 






POSITIVE  CONTRAST  IE  THEIR  PRESENCE  IS  DETECTED  BY  BRIGHT 
ZONES	 WHEREAS  A  NEGATIVE  CONTRAST  IE  DARKENING	  OCCURS 
WHEN SUPERPARAMAGNETIC COMPOUNDS WHICH ARE ESSENTIALLY 
IRON OXIDE NANOCRYSTALS ARE USED 7E PREVIOUSLY DEMONSTRATED 









































































TO  SELECTIVELY  COLOR  DEAD  CELLS  BLUE  AND  ARE  SHOWN  AS  A 
DISTINCTIVE BLUE COLOR UNDER A MICROSCOPE	 SINCE IN LIVE CELLS 












!FTER  ANESTHESIA  THE  RATS  WERE  PLACED  ON  A  STEREOTACTIC 
HEAD  HOLDER  MODEL    $AVID  +OPF  )NSTRUMENTS 
4UJUNGA  53!	  !T  $    CELLS  WERE  SUSPENDED  INTO    L 
$-%-  WITH  ANTIBIOTICS  	  THEN  INJECTED  USING  A 
 , (AMILTON SYRINGE THROUGH A BURR HOLE IN THE RIGHT CAUDATE 
NUCLEUS  MM ANTERIOR TO THE EARBARS IE AT BREGMA SITE  
MM  LATERAL  TO  THE  MIDLINE    MM  DEPTH  FROM  THE  SKULL	 






4  MEASUREMENTS  AND  -2  IMAGING  WERE  PERFORMED  AT  4 
USING  AN  INVERSION  RECOVERY  &,!3(  )2&,!3(	  IMAGING 
SEQUENCE  WITH  VARYING  )2  TIME  "IOSPEC  3YSTEM   
"RUCKER  %TTLINGEN  'ERMANY	  4WEIGHTED  CONTRAST 
ENHANCEMENT WAS CONTROLLED  RUNNING A  STANDARD 3PIN%CHO 
3%	  SEQUENCE  WITH    MS  42  AND    MS  4%  &OR  IN  VIVO 
IMAGING  ANAESTHESIA  WAS  INDUCED  WITH    ISO¾URANE 








OBTAINED  BY  POSITIONING  THE  CENTER  OF  THE  SAMPLE  IN  THE 
CONVERGENCE POINT OF TWO BEAMS BRACKETING THE GOLD + EDGE 
ENERGY    KE6	  !FTER  THEY  CROSSED  AT  THE  CENTER  OF  THE 
SAMPLE  THEY  CAN BE  CONSIDERED  AS  SUPERIMPOSED OVER  THE 
WHOLE  SAMPLE WIDTH	  THESE  BEAMS DIVERGED  TO MATCH  TWO 
DISTINCT  LINES  ON  THE  DETECTOR  ALLOWING  THE  SIMULTANEOUS 
ACQUISITION OF ATTENUATION PRO½LES AT  KE6 AND  KE6 
BELOW AND ABOVE  THE GOLD +EDGE  RESPECTIVELY	  &ROM  THE 
LOGARITHMIC SUBTRACTION OF  THE ATTENUATION PRO½LES ACQUIRED 
SIMULTANEOUSLY  AT  TWO  ENERGIES  ABOVE  AND  BELOW  THE  GOLD 
PLACED  IN  A   M,  ROUND  BOTTOM  ¾ASK   MG  X 
MOL	 OF $4$40! IN  M, OF WATER AND  M, OF ACETIC ACID 
WERE  ADDED  TO  THE  GOLD  SALT  SOLUTION  UNDER  STIRRING  4HE 
MIXTURE  TURNED  FROM  YELLOW  TO  ORANGE  !FTER 
  MINUTES    MG  X  MOL	  OF  .A"(  DISSOLVED  IN 
  M,  WATER  WERE  ADDED  TO  THE  ORANGE  MIXTURE  UNDER 
VIGOROUS STIRRING AT  ROOM TEMPERATURE !T  THE BEGINNING OF 





#  THE  PRECIPITATE  WAS  ½LTERED  ON  A  POLYMER  MEMBRANE 
WASHED THOROUGHLY AND SUCCESSIVELY WITH . (#L WATER AND 
DIETHYL  ETHER  4HE  RESULTING  BLACK  POWDER  !U $4$40!	  WAS 
DRIED AND STOCKED  IN  THE  SOLID  STATE OR DISPERSED  IN  M, OF 
- .A/( SOLUTION UP TO  MG OF DRY POWDER	
#OMPLEXATION OF 'D WITH !U $4$40! 





4HE  HUMAN  CERVIX  CARCINOMA (E,A  CELL  LINE WERE  GROWN  IN 
$-%- $ULBECCO´S -ODI½ED %AGLE´S -EDIUM	 FROM )NVITROGEN
'IBCO"2,  #ERGY 0ONTOISE  &RANCE	  SUPPLEMENTED WITH  
FOETAL CALF SERUM &#3	  FROM $UTSCHER "RUMATH &RANCE	  
MGML  &UNGIZONE  AND   UML  0ENICILLIN    3TREPTOMYCIN  IN 




WERE  INCUBATED  FOR    HOUR WITHIN  THE  BUFFERED  SOLUTION  OF 
INCUBATION  CONTAINING  !U $4$40!  OR  !U $4$40!'D 







THE SPLEEN CELL  SUSPENSION  FOR  MIN AT  ROOM TEMPERATURE 
WITH .(#L(#L LYSIS BUFFER FOR  MIN AT ROOM TEMPERATURE
)CECOLD 20-) WAS ADDED  IMMEDIATELY AFTER  LYSIS  TIME  TO 
THE CELL SUSPENSIONS #ELLS WERE PELLETED  RPM #  
MIN	  AND  THE  CELL  PELLETS  WERE  RESUSPENDED  WASHED  AND 




3PLENOCYTES  AND (E,A  CELLS  VIABILITY WAS  EVALUATED  THROUGH 
THE TRYPAN BLUE DYE EXCLUSION METHOD 4HIS VITAL STAIN IS USED 
'OLD "ULLETIN    
+EDGE  ACCURATE  ABSOLUTE  GOLD  CONCENTRATIONS  CAN  BE 
DETERMINED  4HIS  METHOD  HAS  BEEN  DESCRIBED  ELSEWHERE 
;=  4HE  INJECTIONS  AND  THE  IMAGING  EXPERIMENTS  WERE 
CARRIED OUT ON RATS WHICH WERE ANESTHETIZED BY INTRAPERITONEAL 
INJECTION OF A MIXTURE OF XYLAZINEKETAMINE
3YNCHROTRON  BASED  -ICROBEAM  2ADIATION  4HERAPY 
-24	 
!T THE %32& ONE BEAMLINE HAS BEEN DEDICATED TO BIOMEDICAL 
RESEARCH  AND  IS  DESCRIBED  ELSEWHERE  ;=  4HE  8RAY  ¾UX 
DELIVERED  BY  THE  %32&  STORAGE  RING  EXCEEDS  THE  ¾UX  OF  A 
TUNGSTENANODE XRAY TUBE BY  ORDERS OF MAGNITUDE 
4HE PRESENT -24 STUDY USES A WHITE BEAM SPECTRUM WITH 
ITS MAXIMUM  INTENSITY  AT   KE6  MEAN ENERGY    KE6 




THE  BEAM  FOR  UNIDIRECTIONAL  IRRADIATION  AND  FOR  THE  ½RST 
IRRADIATION OF  THE  CROSS  ½RING GEOMETRY	  AND ON  THE BEAM 
TRACK  IN  ANTEROPOSTERIOR  MODE  FOR  THE  OTHER  DIRECTION  IN 
CROSS  ½RING  MODE	  4HE  SKIN  ENTRANCE  DOSE  DELIVERED  WAS 
^  'Y  IN  A  SINGLE  EXPOSURE  4HE  ½ELD  OF  IRRADIATION WAS 
 MM HIGH AND  MM WIDE CENTERED ON THE TUMOR WITH A 
 MM OVERLAP WITH AIR AT THE TOP OF THE SKULL )T CONTAINED  
MICROBEAMS  CHARACTERIZED  BY  AN  AVERAGE  WIDTH  OF    M 
AND  A  CENTER  TO  CENTER  SPACING  OF  MICROBEAMS  EQUAL  TO 
 M AS DESCRIBED EARLIER ;= 4HE RATS WERE IRRADIATED IN 
CROSS  ½RED MODE  ½RST  IN  LATERAL  POSITION  FROM  RIGHT  TO  LEFT 
SECOND IN ANTEROPOSTERIOR POSITION
%XPERIMENTAL GROUPS 
!S  PLOTTED  IN  4ABLE      RATS  WERE  USED  AS  NON  IRRADIATED 
CONTROLS    /THER  RATS  RECEIVED  !U $4$40!'D  DELIVERED  TO 







TIME  !T  LATER  TUMOR  STAGE  RATS  WERE  EUTHANIZED  BY  INTRA
CARDIAC INJECTION OF PENTOBARBITAL SODIUM  MGKG	  LESS 
THAN  DAY BEFORE THEIR ANTICIPATED DEATH AS JUDGED BY CLINICAL 
SIGNS  3OME OF  THEM WERE  FOUND DEAD 4HE  TIME BETWEEN 






4HESE PARTICLES WERE  SYNTHESIZED BY  REDUCING  THE GOLD  SALT 




PARTICLE  GROWTH  $4$40!  MOLECULES  ESTABLISHED  A  NETWORK 
STRONGLY  ANCHORED ON  THE GOLD NANOPARTICLES  !U $4$40!	 
SINCE IT WAS PREVIOUSLY DEMONSTRATED THAT A PART OF $4$40! IS 
DIRECTLY  TETHERED  TO  THE GOLD  SURFACE  THANKS  TO ONE OR  TWO 
THIOL ENDS 4HE SECOND THIOL GROUP ALLOWS THE COUPLING WITH 
$4$40! MOLECULES WHICH WERE NOT DIRECTLY ANCHORED TO THE 
GOLD  SURFACE  VIA  DISUL½DE  BOUNDS  !S  A  RESULT  GOLD  CORE  IS 
EMBEDDED IN A MULTILAYERED SHELL OF $4$40! LIGANDS ;= 4HE 
PRESENCE OF $4$40! NETWORK ON THE PARTICLES CONFERS A HIGH 
COLLOIDAL  STABILITY  IN  BIOLOGICAL  MEDIA  AND  ALLOWS  THE 
IMMOBILIZATION  OF  'D  IONS  UNTIL    PER  PARTICLE	  IN  THE 
ORGANIC SHELL (OWEVER THE IMMOBILIZATION OF 'D IONS IN THE 
NEGATIVELY  CHARGED  $4$40!  SHELL  INDUCES  A  DECREASE  OF 
XPOTENTIAL  WHICH  IS  DETRIMENTAL  FOR  THE  COLLOIDAL  STABILITY 
&IGURE  	  7HEN  THERE  ARE    'D  IONS  PER  PARTICLE 
!U $4$40!'D	  COLLOIDAL  STABILITY  IS  ONLY  OBSERVED 
FOR  GOLD  CONTENT  SMALLER  THAN    G,  4HE  NEGATIVE  CHARGE 
OF  !U $4$40!'D  IS  INDEED  NOT  SUF½CIENTLY  HIGH 
XPOTENTIAL   M6	 FOR AVOIDING THE AGGLOMERATION OF THE 
PARTICLES 4HE PRESENCE OF  'D IONS IN THE ORGANIC SHELL OF 





THAN !U $4$40!'D COLLOID WHOSE STABILITY  REQUIRES  THAT 




0 20 40 60 80 100 120 140 160




















  3ERIES   N   -34 DAYS  -E34 DAYS
  #ONTROL GROUP       
  !U $4$40!'D  
   IRRADIATION        
4ABLE 
3URVIVAL  RESULTS  FOR NON TREATED RATS  CONTROL GROUP	 AND FOR  TREATED RATS 




3INCE  THEY  ALLY  A  HIGH  GOLD  AND  GADOLINIUM  CONTENT  AND 
COLLOIDAL  STABILITY  OVER  SEVERAL  WEEKS  !U $4$40!'D 
COLLOIDS  APPEAR  THEREFORE  VERY  ATTRACTIVE  FOR  -2)  AND  8RAY 
APPLICATIONS $UE TO 'D IONS ENTRAPPED IN THE $4$40! SHELL 
THESE PARTICLES !U $4$40!'D ;!U=   M- IE  G 
!U  ,  AND  ;'D=   M-  IE  'D PER PARTICLE	  INDUCE A 
STRONG CONTRAST ENHANCEMENT OF -2) IMAGES &IGURES AB	 
4HE  PHANTOM  CONTAINING  !U $4$40!'D  NANOPARTICLES 
&IGURE  B	  IS  BRIGHTER  THAN  THE  NEGATIVE  CONTROL  WHICH  IS 
COMPOSED OF ONLY WATER  &IGURE A	 !S EXPECTED  THEY ARE 
ALSO  DETECTED  BY  8RAY  32#4  &IGURES  CD  OBVIOUSLY  SHOW 
THAT  THE  PRESENCE  OF  GOLD  NANOPARTICLES  IS  REVEALED  BY  A 
STRONG ENHANCEMENT OF THE CONTRAST OF THE 32#4 IMAGE 4HE 
BIOCOMPATIBILITY  OF  !U $4$40!  AND  !U $4$40!'D  WAS 
CHECKED BY MIXING GOLD NANOPARTICLES WITH SPLENOCYTES AND 
(E,A  CELLS  &IGURE 	  4HE  VIABILITY  OF  CELLS  SPLENOCYTES  AND 
(E,A	 INCUBATED FOR  HOUR IN BUFFERED SUCROSE SOLUTION  
M-	  CONTAINING  !U $4$40!  ;!U=      AND   M-	  OR  !U 
$4$40!'D ;!U=   M-	 WAS DETERMINED BY TRYPAN BLUE 
EXCLUSION AND COMPARED TO THE ONE OF CELLS INCUBATED FOR  
HOUR  IN  BUFFERED  SUCROSE  SOLUTION    M-	  BUT  WITHOUT 
NANOPARTICLES  NEGATIVE  CONTROL	  &IGURE  A  SHOWS  THAT  THE 
PROPORTION  OF  CELL  DEATH  IS  SMALL  WHEN  SPLENOCYTES  ARE 
INCUBATED IN PRESENCE OF NANOPARTICLES ;!U=   M-	 AND IS 































































B	  &ROM  THESE DATA WE  CAN DEDUCE  THAT  THE  CYTOXICITY  OF 
!U $4$40! AND !U $4$40!'D ;!U=   M-	 IS WEAK 4HE 
INNOCUOUSNESS  OF  THESE  PARTICLES  WAS  CON½RMED  BY  IN  VIVO 
EXPERIMENTS  4HE  INTRAVENOUS  INJECTION  OF  !U $4$40!'D 
;!U=   M- IE  G !U , AND ;'D=   M- IE  'D 
PER PARTICLE	 IS WELL TOLERATED BY SMALL ANIMALS MICE RATS	 AND 
NO OVERT  CLINICAL  SIGN WAS  OBSERVED  FOR  AT  LEAST  TWO MONTHS 
AFTER  THE  INJECTION  3INCE  THEY  ARE  ABLE  TO  INDUCE A  CONTRAST 
ENHANCEMENT OF -2) AND 8RAY IMAGES THESE PARTICLES CAN BE 
EASILY  FOLLOWED  UP  4HE  PRESENCE  OF  !U $4$40!'D  IS 
REVEALED BY THE APPEARANCE OF BRIGHT ZONE AFTER THEIR INJECTION 
&IGURES  EI	  4HE  EXAMINATION  OF  IMAGES  ACQUIRED  BY -2) 
AND  8RAY  IMAGING  EXPERIMENTS  REVEALED  THAT  BRIGHT  ZONES 
WERE  ONLY  OBSERVED  IN  KIDNEYS  URETERS  AND  BLADDER  4HIS 
INDICATES  THAT  THE PARTICLES  FREELY CIRCULATE  IN  THE BLOOD POOL 
WITHOUT UNDESIRABLE NONSPECI½C ACCUMULATION AS CON½RMED 
BY )#0-3 ANALYSIS OF THE ORGANS	 AND ARE CLEARED FROM THE BODY 
THROUGH  THE  KIDNEYS  WHEN  THEY  ARE  INJECTED  TO  HEALTHY  RATS 
&IGURES EI	 ;= )N CONTRAST TO THE CASE OF HEALTHY ANIMALS 
!U $4$40!'D NANOPARTICLES CROSSED THE BRAIN BLOOD BARRIER 








DENSER  VASCULARISATION  OF  THE  TUMOR  SINCE  ITS  RAPID  GROWTH 
REQUIRES  THE  RECRUITMENT  OF  ADDITIONAL  BLOOD  VESSELS 
ANGIOGENESIS	 FOR DELIVERING A LARGE AMOUNT OF NUTRIMENTS AND 
OXYGEN TO THE TUMOR ;= 4HE PREFERENTIAL ACCUMULATION OF 
!U $4$40!'D NANOPARTICLES WAS EXPLOITED  FOR  TREATING  THE 
TUMOR WITH 8RAY BEAM 4HE IRRADIATION OF TUMOR BEARING RATS 
WITH  8RAY  MICROBEAM    MINUTES  AFTER  !U $4$40!'D 
INJECTION LED TO A LONGER SURVIVAL OF THE RATS &IGURE  AND 4ABLE 










GROWING  NEOVASCULATURE  WHICH  SUPPLIES  NUTRIMENT  AND 
OXYGEN TO TUMORS 4HE DESTRUCTION OF THIS NEOVASCULATURE IS 
THOUGHT  TO  PLAY  A  MAJOR  ROLE  IN  THE  ERADICATION  OF  SOME 
VASCULARIZED  TUMORS  BECAUSE  THE  RESULTING  DEPRIVATION  OF 
LIFESUSTAINING NUTRIENTS AND OXYGEN WILL PREVENT THE TUMOR 
GROWTH  ;=  )N ADDITION  TO  THEIR ABILITY  TO  IMMOBILIZE 'D 
IONS AND TO ENSURE A HIGH COLLOIDAL STABILITY THE $4$40! SHELL 
CAN  ALSO  ACT  AS  ANCHORAGE  SITE  FOR  ORGANIC  MOLECULES  OR 




BY  AMINE  0%'.(		  WAS  USED  FOR  DEMONSTRATING  THE 
POSSIBILITY TO PERFORM A POSTFUNCTIONALIZATION OF !U $4$40! 
NANOPARTICLES  "EFORE  ADDING  0%'.(	  TO  THE  GOLD 
NANOPARTICLES  #//(  GROUPS  WERE  CONVERTED  TO 




IS  EXPECTED  ONTO  CARBOXYLATED  SILICA  PARTICLES  VIA  THE 
FORMATION OF AMIDE BOND BETWEEN THE INTACT AMINO GROUP 
OF THE POLYMER TETHERED ONTO THE GOLD NANOPARTICLES AND THE 
CARBOXYLIC  ACID  GROUPS  OF  THE  SILICA  PARTICLES  WHICH  WERE 
CONVERTED TO .HYDROXYSUCCINIMIDYL ESTER  &IGURE A SHOWS 
THAT  GOLD  NANOPARTICLES  WHICH  WERE  IN  CONTACT  WITH 
0%'.(	 ARE BOUND TO THE CARBOXYLATED SILICA NANOPARTICLES 
WHEREAS  UNMODI½ED  !U $4$40!  NANOPARTICLES  ARE  NOT 
ANCHORED  ONTO  THE  SILICA  NANOPARTICLES  &IGURE  B	  4HIS 
CONSTITUTES AN EVIDENCE OF THE PRESENCE OF 0%'.(	 ONTO 
!U $4$40!  PARTICLES  4HIS  EXPERIMENT  DEMONSTRATES  THAT 
!U $4$40! NANOPARTICLES CAN BE FUNCTIONALIZE BY AMINATED 







































OF  FURTHER  FUNCTIONALIZATION OF THE PARTICLES  )N PECULIAR  THE 
DERIVATIZATION OF THESE GOLD NANOPARTICLES BY AMINATED BIO
TARGETING  GROUPS  CAN  BE  ENVISAGED  AND WILL  CONSTITUTE  OUR 
NEXT  GOAL  4HE  SPECI½C  ACCUMULATION  OF  !U $4$40!'D  IN 
TUMOR IS INDEED EXPECTED TO IMPROVE THE RADIOTHERAPY SINCE 
BOTH THE EFFECT OF THE 8RAY DOSE SHOULD BE MORE ENHANCED 
BY  THE PRESENCE OF A HIGHER AMOUNT OF GOLD  IN  TUMOR AND 
HEALTHY TISSUE SHOULD BE SPARED 
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